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Research progress in the removal of fluoride ions from mine water by

adsorption method
TANG Jiawei"”, ZHANG Suo’, LIU Zhaofeng'?, ZHANG Haiqin'?, BAO Yixiang"*, HOU Fulin’,
GUO Qiang'?, CAO Zhiguo'?, LI Jingfeng'
(1.State Key Laboratory of Water Resource Protection and Utilization in Coal Mining, Beijing 102211, China; 2. National Institute of Low Carbon and
Clean Energy, Beijing 102211, China; 3. Shenhua Group Xinjie Energy Co., Ltd., Ordos 017200, China)

Abstract: Fluoride ions are widely distributed in surface rivers and groundwater bodies in China, especially in the mining areas along the
Yellow River in the western Yellow River basin that there is a widespread problem of excessive fluoride in the mine water, which poses a
potential threat to the local ecological environment and human health. The status quo of fluoride pollution in China is mostly at a low con-
centration pollution level, which leads to it difficult to remove efficiently through conventional water treatment technologies. The adsorp-
tion method is considered to be an effective way to remove low concentration fluoride ions because of its high adsorption efficiency and
convenient operation. The research status of fluoride removal by commonly used adsorption materials such as carbon based, minerals,
metals and metal organic frameworks (MOFs) was reviewed and summarized before summarizing the influence of different factors on the

fluoride removal efficiency and adsorption mechanism of these adsorption materials. Then the application effect and operation cost of ad-
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sorption method in mine water treatment were emphatically analyzed, and the development direction of adsorption method in the treat-
ment of low concentration (<10 mg/L) and high water content fluorine-containing mine water was prospected. In general, there are still
some deficiencies in the study of fluoride removal by adsorption. In terms of adsorption mechanism, it should be further investigated from
three aspects which includes the characteristics of adsorption materials, the occurrence form of fluoride ions and the interaction mechan-
ism between adsorption materials and fluoride ions. For the engineering application of adsorption method, the demand of engineering ap-
plication should be regarded as the guidance. Based on the above discussion, the research and development direction of removing fluoride
ions from mine water by adsorption method is proposed, which is to focus on the development of low cost and high efficiency environment-
friendly modified adsorbents based on natural/waste (ore) and carbon-based, aluminum-based or other new polymer adsorption materials
under the principle of clarifying local policies and water quality and quantity. In addition, it is necessary not to improve the selective ad-
sorption performance of the modified adsorbent for fluoride ions, but also to ensure the stability, economy and safety of the adsorbent in
the whole life cycle of preparation, processing, production and recycling, thereby improving its competitiveness of the adsorption method
in the actual application of fluoride containing wastewater and enhancing the application potential of the adsorption method.

Key words: mine water treatment; adsorption method; fluoride ion; adsorption mechanism; environmentally friendly modified adsorbent
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WANG % i Wk sk vk fiie A, 5 kA 2 1 B
BT A0k HAP W 2. oebE O 4 10 5% 51 RE ) Bl
R R VR B R B B sk . RREZEAR FORE T
(< 1 mol/L), st Ja B 5 fiff A7 1) 3% SRR Al BH R AR
FRUMETT A7 o LA, % P AR5 i 1 A [ A5 4%
PEILIR T AR ST T v A A R SR B BILARL . 4
K] 5 7, JEF FNMR 63 i 4k 2740 5 9 7 O B v
FeBR Pk R (4 SO A= AR, HE R T e g
ARMFEA S F RIS

IEAh, Bl R 50 s IRAL A T Hoka )z,
LB TR KA FE T2 589t HEER
PO A o R SR P e b B 2 UK, 4
FOKFREE 1 2 20, % pH VAL 3, HEPEHE] 30 min
Joi, TS TR E ] A 260 me/L &K ZE 83.2 mg/L.
BEHERA %P DL — RS 15 7240 00U M A A S
B39, I KOH i, e 2 il 45 H A ole e W9 R 550
W JCRTT LA E) 92.23% ., AR IR B A %
WA R Ah B 5 R0 A 1) el A L R A Bl
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Fig.5 Schematic of three F adsorption mechanisms of phos-

phoric acid-modified calcite"!

ARSI, IR B DV I 2 B o (HJE IR B A
BA LY BA Wi/ o R, s A ks g
R, PRI, 22T 2300 TR IR0 YA Rt
F¥ R -5 P A TR ST A4 0 TR B A L. MOR-
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(e £ BT B S T ac bt fig . EARE D m
it Ca(OH), BT Aoy J5E R i B8 A0 AL RS 551 Ak 381 55 SRR
IR, R B i ik 98%, JEIL T RSN
1.3 &EEWHH R
1.3.1 #/4BEABR LA I R8Ny

A R R R I B ) A I P 8 22 ) R R o A
SN IOE SRR DE= R 7/ L /R SR IRE Y =R A2
AR B S Ak ) 2 T B AT A R A S T R A7
S 57K OH | H,O Bt &1 2 18 A 7 P OH 2
A, It 5 F a7 o, ROt B =) #1(2) s .
KUMAR %55 5@ 51308631 52 1 RDIR A A 7E pH
MFRERT X FRE R R 7 me/g. /NP
XTLE T JURPERAT A7 0 BR JRUR0%, 45 2R /s 76 AR [R] 2%
PR, R A B AR B e AR Ry K R > R >
B >R . PR ) TRV 53 85 T, H
FAAENR B 2844 FH 1 2B T5 e M A 5E o

Fe-OH+F < Fe-F+OH™ (1)
Fe(OH)** (aq)+F~ S FeF*™+OH~ (2)

WHEEARAS BT R ALK (50 ~ 300 mP/g). 1k
SRR VELE HAFAE R 1) g B, i H X F A
R AW BT RE 7, X BTN ) Iz 8 F Ol
WAL 2 — BT — MBIy, i T SR A AR R R A i
S 3 3 L B DR B B R e i, SRR R A
e 1 A2 4V FH ofe S B0 W B 25 B 9 H 895, YANG
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PO LS P AR (AL(O-i-Pr);) b TSR AR 1 45 785 L
FAL(339 m*/g) ARSI RFFH, 20 min NXT FAYIL
W25 FETTIA 135 mg/g, YU 25608 S Ty A LA
AR5, F i KW It &8 8.25 mg/g, 78 pH &y 3 i, 2=
B8 A] LA 5] 90%, HUANG %1% % ] H,0, X}
250 IRGE R 1) S8 AR AR R T A TR AR e, S A
B A7 R R R A ) B A A
% 600 mg/g. BLAN, A KE IR 2R SRR F
F1E A, I KABIR 48" S THITHRBR F 9 Al-Fe-Mg
Yk E AR 7 400 °C F B R AEBBE A IRE T,
5 AW B R R o 25 H ik B T 90.68 mg/g, FF
LT 4 W RPN R A P o BRI, A SR AR T 45
BE RIS, AT 25 PR B T AV e S I, B A
e J5 B2 A 3R T 25 T HAHE R X6 A 25 B N A fk B
Ji T
132 #HEELBAELEMND

i + 284 8 HA KW E 715, BT
i, I s 25488 OKE) FAb Pt 23 A 1)
WARAVEIE N, I T B, A MR 5 5
P, ATA RE B BRKIR U F . KUMAR 26926 —
Fh e A AR Z I MR S 22 (LC) 544K CeO, 454,
G T AR, At 2L, AT EE R AR LC-
Ce WE B30 . W5 KI5 AR RY LC A I, LC-Ce
W o6 751 2 B0 B A R PR AR 0, B A A R T
212 mg/g. HWEFHLEI & 6 Fr R, ¥ K BB AL
o, g4 DL R BE R R 2 ] A i AR AR
LIAO %51 £ B T REFREN . RERRERL . RERRSL . RERRES .
REFREE FGERRAN 6 FhhERRER LI, K = MTH T
BERLIRBCTY F bR, 25 SR BH RERRA IR 1 B
TR EAF, e R 750 45.537 mg/g, W B35 h
) Ce 225 F K444, BN Ce-F #, DONG %Y
il 78t — o 0 26k B P B PH S /K 88 (MCH-La) .
MCH-La HA s 0 i 2l 7127, 76 10 min PEEAT LA
SEER 93% 1) FRBRR, SRR 250 136.78 mg/g.
{H 2 B 1 W B A AR R K S W pHL [ E pH
H 2.8 ~ 4.0 TR TEIEL N A BA AT K BRASCR .
CHEN 2511 3 3o fi e HThe i A il T R Mg-All-
La & & WK, 24 Mg-Al-La ¥ B 2 Ll
16 : 1+ 1B, 8 1 952 G BRI F i) d R i
AT LIGAR] 65.75 mg/g. ZWHFL R T /0
[ AL FIHG £ La, e KACHBREAR T RUAI #2114
PERE. ZAIDI 251D CeO, Fl ALO, 94K BUk:AH 25
A, TN ALRBEER AL Ce-Al Z T4, 150
IR Ce S REE, 24 Ce M ALY RAVEELLA L : 6

BEINE] 1 : 9 B, R BRI A 4 W R 2 S RS
RN, 2 Ce 5 AIYFRMEEL N1 : 6
B, W S i e o BRI B RO R, BEIR LE
1 3, MR RS SN, RIEBURCR, (HXT F
(O B 15 R B e i PR RE ) o 2 A
T Ce Ml ALO, ZHIIIHFSER, H. Ce-Al TN
Xf F 2RI A R A I BRERE T, W R Dy 384.6 mg/g .
HIX FOERFE SR M4 F T (pH = 2.4) A B R 4=
Ik, Ce-Al G A ALY BB 53 30 T B — 25 1 ook 1>
Xt pH S, LASE R A S TR iy 584 7

6 LC4 CefnF HIs ol mal

Fig.6 Schematic of the mechanism of LC binding to Ce and F~
]

adsorption™’

His 4 JB E ALY R AROR AT, (R SAS B g, B
028 T AR B 70 T LA K B3 e B A5 R AR AT
BAE B ), X H R 505w .

133 Hiws Bk

T LBE F & m A RHE A E5 | £ 5K, 865
48 N HA R EAY). GEORGE 25197 45 155, B0
PEIETE ALOS(AA)ZEIAK, 43512 CMAA650 Fil CMAA
850, fEH &M TR, AA, CMAA650 Fil CMAASS0
B KBRFEE 7140701k 2.48. 2.61 Al 2.74 mg/g. 55
BERY I TR IR, B T R R Y e Ak
PR 1% AT P ALO, T L ik 25 46 /= JEXT F % e B i
1, FnER RS AR, OLADOJA %5 44 KR
1) Mg $8 AR 0T (RERD ) & i T —FP = G 4R
ff e T AL T MO ME LA 43 5 O MR . Rk
MREF I E T MO, AP EER I 9.03 mg/g 1)

275



2023 4F55 5 1A

# £ A F H# K 551 %

SRORBE S o #EILARHL T T HEIE I bR, KRG
B DU 85 7T LU B A £ 5 OH, IS 55
Bt . DOU 2 3 s 3 46 30 3F T /K A AL 5 78
pH=4 BRRVES5 1T, F IR B 25 5 AT 35 124 mg/g, 1%
MR 6500 3 ok ol P 2R T 5 SR =2 [ A i A FH A e
RIS F k& IEH . Z2RNE R AR
4 DR HL 0 A 118 255 ) R 1 8 B L 0 ) 8 12
STk, LYU U0 gk — 0 58 T8 e 9 Mg-Al-
CO, 24 B A LB FAIRCR M A
R, 255 IR, 500 °C BB 0 4RI B B B 47
EZ A 0 A7 B S R IR AR, g K
JNIFF : PO, > CIT = SO; > Br s NO;.

G I e KA AR . SRR SR B AR F
FUA BRI ERRE ), SRR T R BR A R, i
DAES  BE . BK ., B H At 4 8 S k) B S AR i e
PR ORI 5 0 1) T3 o L R TR R T TE PE
LA BRI 25 BUAS S5 1) R o
14 SEENBELEY

&R HIE R (MOFs) MBHE 4 8 B 7l 4
Ji AN MILTC AR — 2 (R 3R 8 A0 T 4% Tt A
AT L Z AL i iARA B, BAT tER AR, 1L
BR R IVRRUE TR A, B2 W AR
MR A3 B AR AT S o AT SR B KA B
P& T —Fh B L AR ERIE 25 F49 () La-MOFs 1 ff
FI, ] JLFLAR S 15.84 nm, W P 75 2 3k 3 B KB
43.1 mg/g. H. La-MOFs Xf F it W Fff 5h 1 27 A v
T B D)2 RN, W [ RN R 2 G A AR
IR NEE ST 23 S AR R AS A 1,3,5-28 = H IR . X2 —
R, LI B Ak AT 5845 (GO) Sy JFURHH i 7Kk Bk il £
T 3 % MOFs W BEA4 e}, 5 Bk 25 et 30 85 7% Y
T T S AR BRI B 5L, ELABEREE 5 ~ 7 WU AR IR
B M FAR TR EE 50% B IRFBR R, B & K
A . Hoh, B2 GO i) MOFs # 8 B4 f Al
F R 8 P S5 R E, 7E 293 KN AR f KR 25 4
63.29 mg/g, H W pH JL-T- X7 M B &5CR T 52 i, Xof
F W B 8l 2 G v — 2 sh J12# SOW AR . MOFs
BHE R — Rl B ) 2 FL 25 Sk R, B Wb sl
S WG A SRR, BRI EATR
BT M50y RO g R TR . B,
MOFs #4455 B JiAs B g it . s IR PR B AN AR U
PEATIRILAS % MOFs ARG HE—2 10 AT 5%

2 RMHEBREZIE R R REIE

SR IR BRI TR AT pHLL R JEE L Tfhisf ] |
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I BSR4 i DA B s T AF B B 5 . 6 T
TSR AR, R L OB AT ] LA R o 2 A
AL I AR K T A S BT R N i
VAT pH S A7 B 1 D0 T B X AN ) 2K 5 75 R ik
S B W B SRD EA T A B ke AU S I g & B,
FERRYE (pH < 5) 21T, WG HERR X I R RICR 5 4,
1T 7E 55 B o M 2 F R, T AR R X B i e
BRI, BRI N I ik 3 85.9 %(pH=7) . iX
FEIFHFERYERME T, AR R L, A
FTFE B F, K10, pH 3RS {20 AIF, AIFT
KAV, Mk FRZBRRCR . # Bl
TEIT T HOR E AR /i 41 43 0 W B SR A P i, 245 51
FUAREE pH M 3 2T+ 7 )5, W2 R i I B
) 15 3 A 2, R B R N 2 B R A 0 ) T oA
0.36 mg/g 1 95.48%. SRIRIFEE T, Kot H BIAF7E
T HF WK A, [ 0k S F B 283 .
MR, T OH 5 FJEIL T34k R, #0635 F (10 B
ML, AR T W RCR o W WORAFAERY CL, SOT
NOSFIB T2 5 F AEAEe M B 1B G2, 4 o IR
FHRE Y 35 P07 5 o e AU UHR £ 25 4 TR IR 5
(La,0,CO,) HXT 4, 48 T AR B FXT F W5
ARSI, 25 S0 — HAIE S W ) HCOS A SOF £k
FHIEE 0 SR R, # iR/ NHERE B HCO, > SO >
NO; > Cl. 5k Z 7 L T8R4 5 A A A4 W B 511
AR KH F RS R T LR . HCO, AN
SO 45 %o} W B3 SR FR VB AR

B o AN [) 5 A7 T 2 o 0 B3 U8R 1) 22 5, IO A
MR R 551 A R BRE AT b 43T o 285 W R AR A 3 a2
T 27 R LA AR 53 BT R AE 55 22 Fh T B4 7 WL B
1 AR A R UL ) R s AR B R T B filan,
LAT %550 5 35 5% B e v 0 1) Bk SOP LRSS, 56T
B 45 T 2 R B 30 1 “# B e o TR R A5 R S
Langmuir 53 2R A5 AUAR A, W BRF 2k 752 00 495 B ok — 2
Bl Jy SRR W B R A R R
CHEN 458U BF58 T pH A % 7 7] 9 1A ¢ B #4 La-Zr
REPEE AR RIR B . 459 WKk, B pH (M 2
ThEE) 3, W BN 78 pH = 3 ZE A7 I, MR A
FESE N, MR AR T . SRS Zeta B A AT AT
Y, T B R A L Y A F R 3(pH,e = 3), Y pH <
3 EF, W AR 7 2 T E i Dy G, % B S SRk O I
A F; 24 pH > 3 B, BB R E AR R FUE, X FOY
W B AR AR RN o W R 5] 2 B AL 4 B AR AR A LA
3 Fh: OF FEAAE W BB B 50 4 2 1T QF 3%
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i ok R 320 2 o ) ) 03 T OV A B A
RN T . XA RE P K B & A% ) Bl fh 2
B DL A S AN ] 2 o 551 2 B3 e Ak 4 B 4 BT
J&, F R EBRALEIINE 7 BiR . ST R A A L 0
PRSI B AR, TR AR AS B 3= 5 B fLaE SO
FLIE NI A7 1 B 7 SE 1A S EA T B A R Bk b B
XFE AR, AR B A BB A
B BT R, WP RIVE L B A R A
UL A2 RO E E ALY, SR AR, 2]
Y A 5 7 a0 NOj, CLU%5n] DLgk FEAR, Sl 4544 .
IR B A AN IS AR [, (E 2 BR S35
e, B YRR E S BRI A4k
SERFRAMRIE ST B SO B 5] 1) — A B L A 4,
0 A figp R R B R0 b ) 2 T A A T L S it
) B & DL BN XT B R R B s, AT AS
() A B 7K 5T 1) % U K A TEAS (] 288 78 0 WO 6 e
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Fig.7 Schematic of the adsorption mechanism for

removal of fluoride by adsorption

3 WRBHERRFA AR ST

BRUNTS N ¥\ %) =R Nt &5 PN DR A N
IR R B A 7 AR R B R A A
TR, & 3 oK B /KA, s ),
LR DO B HE AR AR A AR . H TR 2 5
AT ER £85I 8 = MABLNE K 7 3R A M B 79 9 B3k 9
RO, ME LB HAE SE PRI K AL B R . 3T
I, S HBE T AN R S B IR B BB A S PR K P Y
BB SEBAR, BLAS 1A ) 2 U B4R 22 Fh 2%
PF R XA TR e J3E 5 K RO A BRASCR,, WA 1. AT

RI, A T . B B AR I A M =k
PR RE B R 1z B W AR i dn,
Tl K A /2 BE Tlie 4 DK A7 W B 590 T LA ) s e 3 R
8.79 mg/L FAIEE 0.25 mg/L, F 24K inik 97.15%1%,
MRS GNKAR W B R R 2.0 g/L IF, AT LA
XTI HG AL N 550 mg/Li) i Bt s 8 Tolb R
IKSZBR 99.27% Ky EBRFSN, 5 —J5, ARIRT W)
SRR R FE M R, At et
A1 KeseHk HAP, 76 AL ARG EAR AR B (< 10 mg/L) (1)
T I KT, A FEARCR B AR EE A KA R A )
e BE B G K I A PR AR 2%, (HATS SR AT LA AR E
22% ~ 65% M FBRACR, TEARHR BE 5 JUA2 7K i) S ik
MR T —

FEDEA W 550 07 FH R ), P A 1 B RN 28 4 1
REE PPN IR R SE Priz AT P B SR, TR
MR O — s, (H A2, (#
FH T 15 WAL B8 s P A s e i O 92 T B,
NaOH 2 f 5 FH (1 R 5800 M 550 08 PR A= 7)o R A ke
M FSAAERER OH 5 F A snd . HEARL
R — S0 R OE . R EE RN,
fifE WA RE SR B SR 0 B B ) o A — 2Ll i)
VLA A e P I o 7, (L0 TRT I o e ek 3509 i )
[F] AT, 3¢ B R b B )1 W8 B 500 9 T S o AL Zr,
La S50 R KR S PR 7= A T 2 i, fa A
RAd e . DRI, W B FRD A0 FE A P R R e PR RE S I
PN R E 2, JU R PR TR s AT 1%, HigtT
Fae Mk 5 B R S A BT PEAE I, B R K
TR BTG 2 A B

4 RMHEES HRSERREZRTE

4.1 WEPEBRE TIEN AS T

FUHT, & 0 KA B E 2 1 1 ~r UiTE
A BT scH WA R EIR T HhE s
DA~ 008 125 R AT 8 JRUK ) — b B, 7 SR A 7
FRAR IR LR 2% LAT, BJS A8 7K BK B4 AR
RS 1 A el A AT IR 5B

T2 G T S R RE N T K BRI T AR
S, GG T2 S s AT RO . 1 5, S
133 R T T M AR A A0 R LB K A7 (HAP) Wi
BRI, — U FACRIESE HAP AH HiE M S AR A
LU HIE E LR, X T F S S 1.0 mg/L
M K BB A2t R 25X F oy
8.0 mg/L HY35 5 K, 73k 1 54 s AL AR
SEWE I AT B K 28 5 I BR IR A RCR , 45 R R IR
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Table 1 Application effect of common adsorbent materials in actual wastewater!26-2%-40-46.80.83-93]
Bk F ¥R Bk F¥Ia 5
Hg R/ Ui NEFHRCR EZ BTN F3 R/ W BEERL At NEHRCR EZ BTN
(mg-L™") (mg-L™")
. bFHY e R L B Tl wﬂ‘T‘ﬁﬁ(l‘ﬂ“#m, £
Talk A ] o . Tk . W BRI N g/LA
ok 550 ke Pﬁ‘ﬂf, E&A%fﬂ%zm [83] Bk 5 PPz - T L 5187.5%. [90]
MF S SUALHITE 063 mg/L
FE R TR YRR R R K
TP TN, 4R
T WAEE W, MCr, SOy kI Tu AbFET BRIEM L X
ok 148.2 KEA 121000 mgLAHALE S [84] ok 5 W A7 WEWETEREK, £ [86]
M J&(Zn, PbHIMn)IEAFHT, =] LA EI30%
WIGRF Y i s
#1180 mg/g
SEFRT Tl BREREEHEK
B i 15 /L, R st 22
;jﬁ 98.05 MM A TR RILAT W [80] || FAK  >4000 ;\;ﬁ;ﬁ zgﬁ:ﬁ;?ﬁja [91]
98.05 mg/LIF(KE
44.09 mg/L
o SR T RARHT K, il
I_jk 2438 T Q%Tlﬁgﬁﬂ&m (851 |PETFAK  29.05  BEECPERZIEE F MU M29.05 mg/LEEE  [40]
K R IBCRA66.11%
%1.61 mg/L
Tl i ﬁ%‘m&%{%tbmw AC- ARHR TR, ATAHE
Bk 20.6 A RImRREE ST RUEK, £ [86] || FK 4 Al(OH);(ACH1 e FE V250,98 me/L [92]
BRERAT LAAF20% 2L
; L AAFR T SR KRR,
I\% 20 g Ryira MET? Sk, et 871 |MFK 310 B REILGO  fliSEBRF ¥RIEEM3.10 [26]
K KBRFEIRT2.7%
mg/LIF{EE 1.24 mg/L
e . I B3R5 5 A6 /L,
I\ﬂk 11 ks ﬁ%? @?wﬂk%m [85] | 3.29 FEAEHAPILH W RRFEH IR A 12 b, 25 [46]
ok BRI H65.45% il N
BRECE65%
AR T L MR R T
Tk SEBREEK, I Ve o GOMNKE L F Uk M4.50 mg/LIEAI
Bk 8.79 HA-MWCNTs 118,79 mg/L KT [88] |[FkHIZK 4.50 b (02024 0.05) m/L [88]
0.25 mg/L
T LR T ALPRT SEBRAZ TAlLE K,
Bk 8.79 BER S M8.79 mg/LIEMEA025  [29]
mg/L(EBRFEHN97.15%)
AR T RS T BK L EREER
- B i A i Wtk 02-12 ZRBIKE ) o g3 (53]
Bk 7.59 WO -ER TSRS AR [89)

T SRR v EE R
2148, 1.59M11.71 mg/L

I 2 P23 20 G 19 07 e RSP FH A B B 25
B A N2 BRBOR BB AL He, n] skl O B — 2455 1
B KA IEAREL TDS HARFIRR ., 401 3 SRR
BB HERE A1 A A BRAT R B R 3% SR I 7K ) [
P LA AN I BT ACR (L — R B 5 1 A i
PRAGE . BRI R G Al B et 1& RS2 3 1 —
7E B o

TR BHE TR 2 A AR R A TR 2 TRk 5y
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BB, ARG AT n] £ B A9 SRR R, HAP AR
87 R 750 2 B2 B B A B, AR B /K B S LR,
GE 0575 IE MR A, REIR AL A A, B 5 BT AR,
N3 B P A A 25, SR fie 28 P BURRANY B R0 0 i
BEEAA ek e R B R AR X DRSS | ARk 2 1
EIRA KT, FROT AR IRE P FRE A1 (4 HAP,
Tl £ 55 W RVE O TR IR Bk . AR, A5 PR
AT, KIRE PR RHILAT e I 2 22, T
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Table 2 Practical engineering application of defluorination

Z%
HAOKTE  MAOKEE R T &R T MR A P e
ZKHHCO; T4k,
M2 870110778, 5”‘7’ffh CJ\E‘HD%
CF)> HUATR2 025 m®, GE1TAY A LA
AL A (MK ThbR  [94]
1 mg/L A1.959 Jot, FANA
. ) (GB3838—2002)
wHK, 0.825 3 Ju/t S
- VN THE
C(F > ;
AT, — kb
ML 872.66 77, (Nl
e C(F)< Ef:l 055.25 37\;%”3 BEFORKIR., HKE i
N . m,
L R S 155 ot E;  TESE GRRATR (o4
me ok i) (GB3838—
7%0.004 7 JT/t i e
2002) Il K bgifi
AU SRR AR, ATRE 4K P TDS B
RER ARHEUSAR 2.600  EERBEIL 1 000 mg /L
F2 5L A R B g
AR, TR K
SR I, . AT R A, . -
. L rEERG [OFOK e i e REROE | e W KRR
8C(F/)L > f(F )/L< ISERHERURA3.39 JT/t RN, TR [os)
km";gﬁ oy e [T Jef min | W F%
IKE m N R t
Bai AR | o BET
. B o a ik Y TDS i 248 = Fl K BT
S TV PR e g st AR
KA AR3.76 JL/t -
i)
L R i tai
Bk, ) > | ST EEABITNARLS To1, H P BRI
! g/L’ K CF)<  FilBREEDE ’79‘?@7&?@?@] l‘ﬁ?%‘i%ﬁﬁi}ﬁ%&l AL . REFL RS . SEUE LT .
m 5 .
PR imgL miwd PR B AR N2 B S, — )
5000 m’/d [ AR Guhx

SIS PR AR I B

FEALFET 2

gy | BVERITER
Fraid e ds

A A R, X i B R — AN B K
AR
4.2 WEBEBRE N AR =

I 25 3 1] 1G5 el X 5 7 B S DRI B8 0, P S
X8 K Bk SR Eesihn, Wit 2035 4R i85
47.4 42 m® B, ik FE v U H KA S B A A A
ARTHE MRS . B RE SR IX, IR FRHE 2 pH>T,
T K R Y, 2021 4R, FR K RNCE RS
A ASIREE IR AT TEN & T e Tk i5 K % IR
PERI IS S 2 0L, WIHaTE 3R ETS (%) /KR TR
FIF &R Tr 1) o o] LA, @ K e IR AL A AT 8%
SR SRR T HRSE A R A MRS

W B A B B SR K 0 & R R bR T 2 2
B R B & R AR AL, iR 5 R BOR | s
T & R ARG . IR L, AR 3R R A 7k &
JEFA . W BRI T HOK BRI T2 & R N e “Pil il
B BRI R AR R, diE 8 s

e, AR AR R X AR SEBOR | 8 XTI T Y

HERCBRE | 4 3t A4 PRI R B L KOK K B AT
KA R R BRI T2, SEB R I AL B 73t
FIH .

FER, 8 PR LR £ SR A AR R B T 5, T
B b BRI K BRI B2 (< 10 mg/L) Y 35 95 K I,
AT 24 REL 6 IO A 56 A S Sk B IF 5 B Bl L, ]
LERIRIRF () WAL BLPR R 1Y) 1o 2500 551 2
PRI . OFEFI ISR Py pERE il 47, 48
F A 55 ) SR S CRYRE I | 3 | AT S5 ) B B 2
P, MBI T B3 PRI i (N FLAR AR T B RE AT
TR B2 R IRRR s QB HETT R LAk | B ikl
HoAte B 28 i 001 W BT, 803 % I8 2R R 52 AR
FAFT FRERMLS], Wi pHL HA BA 25 5 B 55
WE o RIS A | RS AR RO, DAl
W BEE A AR A R E P 5 2 4, DA SR AH L ) I B A
iR A, AR FOK R AR A, TS B R RS A K
SRAT )W R AR5 e Sk B RS R BRI HIAR B

B, LB R T2 S R RO Y iR R K Ak
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Fig.8 Development prospect of the application of adsorption method in the mine water fluoride removal technology
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